Total DNA from three putative cytoplasmic male sterile (CMS) progenies derived from crosses between the wild species Cajanus sericeus and the cultivated species Cajanus cajan, five C. cajan, one accession of C. sericeus and two genetic male sterile lines of pigeonpea were compared for their RFLP patterns using maize mitochondrial DNA (mtDNA) specific probes. Three putative cytoplasmic male sterile (CMS) progenies from the multiple cross genome transfer of pigeonpea lines (CMS 7-1, CMS 12-3, and CMS 33-1) showed hybridization patterns identical to that of C. sericeus when DNA was digested with EcoRI and HindIII and probed with maize mtDNA clones. The results suggested that these putative CMS progenies have the mitochondria of the female wild species parent. The hybridization patterns of the three male parental lines used in the development of the CMS progenies were similar in all the restriction enzyme-probe combinations except HindIII-atp6. The genetic male sterile lines, MS Prabhat and QMS 1 differed from each other in their hybridization pattern. The genomic DNA hybridization pattern of HindIII digested DNA from ICPL 87 differed from the other pigeonpea lines when probed with the maize mtDNA clones. The cluster analysis of the hybridization data suggested the occurrence of variation in the mitochondrial genome even among the cultivated species.
Introduction
Pigeonpea [Cajanus cajan (L.) Millsp.] is one of the important legume crops in the tropics and subtropics (Nene and Sheila, 1990) . The crop is grown in different cropping systems and for multiple uses (food, fodder and fuel) in many parts of the semi-arid tropics of India and Africa (Laxman Singh et al., 1990) . Pigeonpea is a partially cross-pollinated crop with over 20% cross pollination. The outcrossing nature of pigeonpea is being exploited for hybrid breeding using stable genetic male sterility discovered by Reddy et al. (1978) . Commercial production of pigeonpea hybrid seeds using the genetic male sterile lines poses the problem of roguing plants from the plots. The alternative has been to look for cytoplasmic male sterile (CMS) lines which have been successfully exploited in several crops. In crop plants, it is of great economic importance to have CMS for commercial hybrid production. Attempts to obtain cytoplasmic male sterility in spontaneous mutants in the world pigeonpea collection have been unsuccessful (Reddy et al., 1978) . Indications of the presence of a CMS system has been reported by Ariyanayagam et al. (1995) in the progenies of the crosses between wild species C. sericeus and cultivated C. cajan.
Cytoplasmic male-sterility (CMS) is a maternally inherited trait with the plant remaining female fertile but with no viable pollen formation. This results from incompatible nuclear-mitochondrial interaction due to rearrangements in the mitochondrial genome (Lonsdale, 1987) . Genetic and molecular methods have been used to study the differences in the organization and expression of the mitochondrial genes in the fertile/sterile phenotypes (Hanson and Conde, 1985) . Restriction fragment length polymorphism (RFLP) of mitochondrial DNA (mtDNA) has been used as an efficient tool to look at rearrangements in the mtDNA of male sterile lines in many crop species (Boeshore et al., 1983; Khairallah et al., 1991; Smith and Chowdhury, 1989; Bailey-Serres et al., 1986; Weihe et al., 1991) . The technique has also been used to look at the differences between male sterile and their counterpart maintainer lines and for classification of the different cytoplasmic systems (Pring et al., 1982; Rajeshwari et al., 1994) . The RFLP and RAPD (Random Amplified Polymorphic DNA) analyses have been used to arrive at the phylogenetic relationship among the cultivated and wild species of pigeonpea (Nadimpalli et al., 1993; Ratnaparkhe et al., 1995) . In the present study we have carried out a RFLP analysis of total DNA from the different male parents of Cajanus species, the wild species C. sericeus used as the female parent and the putative CMS progenies.
Materials and methods

Plant material
The pigeonpea cultivars were grown in pots in a greenhouse at 25 C as described by Ariyanayagam et al. (1995) . The first cross for developing a cytoplasmic system of male-sterility was made between C. sericeus accession EC 121208, as female parent, and C. cajan line ICPX 880227, as the male parent. Transfer of the nuclear genome of pigeonpea into C. sericeus cytoplasm was affected through successive genomic transfer stages (GTS) with different male parents of pigeonpea instead of the conventional backcrossing as described by Ariyanayagam et al. (1995) . Genome transfer stages require backcrossing with more than one pigeonpea genotype and this approach differs from the conventional backcrossing where substitution of the genome of a specific genotype is finally desired. This mode of transfer is often referred to as multiple cross genome transfer. The other male parents used in the mating program were ICPL 90035, ICPL 85030 and ICPL 85010. Three selected male-sterile lines derived from the sixth genetic transfer stage (GTS 6) were: 7- 7-1, CMS 12-3, and CMS 33-1 had an average pollen sterility of 85%, 70% and 75% respectively. The cultivar ICPL 87 was used as the standard check for the male parents and the two genetic male sterile lines MS Prabhat and QMS 1 having different male sterility genes (Wallis et al., 1980) were included for comparison.
DNA extraction
DNA was extracted from pigeonpea leaves as described by Murray and Thompson (1980) with some modifications. Fresh leaf (3-4 g) was ground in liquid Nitrogen and the powder was transferred to a 50 mL polypropylene tube containing 20 mL of extraction buffer (2% CTAB, 0.2 M Tris-HCl, pH 8.0, 1.4 m NaCl, 0.02 M EDTA and 2% mercaptoethanol). The contents of the tube were gently mixed by inversion and incubated in a waterbath at 65 C for 1 h. After cooling to room temperature an equal volume of chloroform:isoamyl alcohol (24:1 v/v) was added and the contents were mixed gently for 5 min by inversion and the layers were separated by centrifugation. The aqueous layer was removed and the above step was repeated one more time. DNA was precipitated by the addition of an equal volume of isopropanol and was hooked out with a bent Pasteur pipet. DNA was washed twice with 70% ethanol and dissolved in TE (0.05 M Tris-HCl pH 8.0, 0.010 M EDTA). Ribonuclease was added to a final concentration of 50 g/ml and incubated at 37 C for 1 h. An equal volume of phenol:chloroform (1:1 v/v) was added and mixed for 5 min by inversion. The aqueous layer was removed after centrifugation and an equal volume of chloroform:isoamyl alcohol (24:1) was added and extracted as before. DNA was precipitated by the addition of 0.3 M sodium acetate and an equal volume of cold isopropanol. The DNA pellet was washed twice with 70% ethanol and redissolved in TE (0.01 M Tris-HCl pH 8.0, 0.001 M EDTA).
Clones used
The maize atp6 clone (ATPase subunit 6, Dewey et al., 1985a) , and atp9 (Dewey et al., 1985b) was supplied by C.S. Levings III, Genetics Department, North Carolina State University, Raleigh, NC, USA. Maize clones, coxI (Cytochrome oxidase subunit I, Isaac et al., 1985) , coxII (Cytochrome oxidase subunit II, Fox & Leaver, 1981) and atp (Isaac et al., 1985) were provided by C.J. Leaver, Department of Plant Science, University of Oxford, Oxford, U.K.
DNA analysis
Total DNA (about 10 g) was digested with 30 units of the restriction enzymes EcoRI; HindIII, and EcoRV as per the manufacturer's protocols and the fragments were separated on 0.8% agarose gels by electrophoresis in TBE buffer (0.089 M Tris-Borate 0.002 M EDTA, pH 8.0). The fragments were viewed under UV light after staining with ethidium bromide (0.5 g/ml). After washing the gels in water the DNA fragments were transferred onto Nylon membrane (Amersham, UK) by vacuum transfer. DNA was bonded to the membrane by exposure to UV light as per the manufacturer's protocol (Stratagene). The random primed labeling method of Feinberg and Vogelstein (1983) was used for the preparation of 32 P-labeled probes. Southern blots were prehybridized with 30 mL of pre-hybridization solution containing 7% SDS, 1% BSA, 0.5 M Na 2 HPO 4 and 20 g/mL sheared and denatured salmon sperm DNA per two blots (20 15 cm) size. Hybridization was carried out by adding the labeled probe to the prehybridization solution and incubating for 16 h at 65 C in standard bottles (30 3.5 cm) in a hybridization oven (Hybaid, U.K.). The blots were washed three times in 3SSC containing 0.1% SDS at 65 C for 30 min each. Autoradiography of the blots was conducted at -70 C for varying periods using X-AR (Kodak) films. The fragment sizes were determined using lambda DNA cut with HindIII standard markers.
Similarity index matrices were generated based on the proportion of common restriction digestion fragments between two accessions (Nei, 1987) using
where 'F' is de similarity index, M x is the number of bands in accession x, M y is the number of bands in accession y, and M xy is the number of bands common to both x and y. Cluster analysis of data was carried out using the statistical software package GENSTAT and a dendrogram was constructed.
Results and discussion
Southern blot hybridization of EcoRI digested total DNA when probed with the maize mtDNA specific atp6 clone revealed identical patterns for C. sericeus and the three putative CMS progenies obtained after the multiple genome transfer of pigeonpea lines, CMS 7-1, CMS 12-3, and CMS 33-1 (Figure 1, lanes 4-7) , and these were distinct from all the other male parents used in the crosses and the genetic male-sterile lines studied. Three of the male parents used in the crosses (Figure 1 , lane 3) and other male parental lines in the hybridization patterns. The two genetic male sterile lines MS Prabhat and QMS thus do differ in the mitochondrial genome, besides their differences that contribute to sterility (Saxena et al., 1986) . ICPL 85010 showed a pattern (Figure 1 , lane 11) similar to that of MS Prabhat (Figure 1 , lane 2) though there were some differences in the weakly hybridizing bands. DNA when digested with HindIII and probed with atp6 gave different hybridization patterns for each of the male parental lines which was mainly based on the weakly hybridizing bands (data not shown).
Other maize mtDNA clones (atp, atp9) gave identical results with pigeonpea genomic DNA from the above lines though the patterns of hybridization were different from that of atp6 (Table 1) . On the other hand, the maize mtDNA clone coxI could only distinguish the wild species and the putative CMS lines from the other pigeonpea cultivars and ICPL 87 by forming three groups (Table 1) . Southern blot hybridization of pigeonpea DNA with the maize coxI probe showed only three groups which is in contrast to the results with the other maize probes and that obtained with EcoRI (Table 1) .
The three putative male-sterile lines CMS 7-1, CMS 12-3, and CMS 33-1 showed hybridization patterns identical to that of C. sericeus when HindIII digested total DNA was probed with the maize atp9 clone (Figure 2, lanes 4-7) . The three male parental 0, 7.4, 6.0 11.9, 8.0, 7.4 4.9, 3.9, 3.2 4.9, 3.9, 3 (Table 1 ). The differrences in DNA hybridization patterns between ICPL 87 and other C. cajanus line further suggests that even within the cultivated Cajanus species there is variation in the mitochondrial genome, though the reasons for the differences are not clear. The dendrogram based on the cluster analysis of the hybridization data put the putative male-sterile lines and the wild species C. sericeus into one major group and the rest of the parental lines and genetic male sterile lines into another group (Figure 3 ). In the other major group three subgroups could be identified: 1) MS Prabhat and ICPL 85010, 2) ICPL 87 and 3) the rest of the male parental lines (Figure 3) . The results presented here thus suggest that the crosses between the wild species C. sericeus and the cultivated species C. cajan produced male-sterile lines having the mitochondria of the former. The differences in the restriction fragment patterns among the various pigeonpea cultivars could be the result of interand intra-molecular rearrangements within the mitochondrial genome, which is a common phenomenon in higher plant mitochondria (Lonsdale et al., 1988; Levings and Brown, 1989) .
The results from the cluster analysis suggest that even among the cultivated species there can be variation in the mitochondrial genome as evident in the differential hybridization patterns of ICPL 87 and other male parental lines. It is assumed that mitochondria and chloroplast genomes are mostly conserved among species though mitochondrial genome is known to show large variation due to recombination events among the number of repeat sequences present. It would be interesting to see the differences in the mitochondrial genome among the cultivars of cultivated species.
